ABSTRACT. Jatropha curcas is a multi-purpose plant species, with many advantages for biodiesel production. Its potential oil productivity is 1.9 t/ ha, beginning the fourth year after planting. Nevertheless, limitations such as high harvest cost, lack of scientific konowledge and low profitability have prevented it from being utilized commercially. In order to provide information that could be useful to improve the status of this species as a bioenergy plant, we elucidated the center of origin and the center of domestication of J. curcas (Mexico). Evidence of the antiquity of knowledge of J. curcas by Olmeca people, who lived 3500-5000 years ago, reinforces its Mexican origin. The existence of non-toxic types, which only exist in that country, along with DNA studies, also strongly suggest that Mexico is the domestication center of this species. In Brazil, the Northern region of Minas Gerais State presents types with the highest oil content. Here we propose this region as a secondary center of diversity of J. curcas.
INTRODUCTION
planting for producers who explore 2 or 3 other profitable agribusinesses, such as coffee and eucalyptus crops and cut cattle raising, among others. The implementation of an agricultural credit policy would certainly help viability. Agricultural credit, though a necessary condition, nevertheless, is insufficient. Adopting credit will not help the producers at all if they do not receive income from their investments. Those receiving credit need to be able to make payments and still guarantee sustainability. It is also necessary to make intercropping systems with J. curcas with annual food crops such as peanut or common bean, in order to secure income for the farmer during the early period of the plant, which corresponds to the first 4 post-planting years.
There are other types of promising intercropping, as discussed by Dias et al. (2008) . One of these is called energetic density, when 2 or more oil crops are planted in the same area, as with the example of J. curcas with the macaw palm (Acrocomia aculeata) or J. curcas with annual oil plants such as crambe (Crambe abyssinica) or safflower (Carthamus tinctorius) . The predicted oil productivity per area can reach, 5 t/ha in the case of J. curcas/macaw intercropping, producing 2 t/ha from J. curcas and 3 t/ha from macaw. Another promising intercropping is cattle-raising-oil integration, where J. curcas is planted, or macaw, or both, in areas of pasture. In this situation, besides the products derived from raising dairy or cut cattle (milk, meat, and leather), vegetable oil, and tallow are obtained for biodiesel. All of these types of intercropping can eventually be carried out with commitment. The evaluation and economic viability of these arrangements, however, still need to be defined through research.
In summary, despite global enthusiasm for J. curcas, it is necessary to be aware that this plant is not ready for wide cultivation. In Brazil, J. curcas still does not rely on improved cultivars, certified seeds, climatic-soil zoning, a definite production system, or commercial scale production. Thus, there are still serious risks in the decision to plant extensive areas because of existent unimproved genotypes and because of the level of technology currently available for J. curcas cultivation. These risks are even greater for household farmers, who are often induced to cultivate J. curcas in local production arrangements. It is important to note that household agriculture is vulnerable to risk and presents a low capacity for failure resistance. It is also important to remember the failure of the Austrian-Nicaraguan project of planting J. curcas on a wide scale in the 1990s in Nicaragua, installed using 'Cape Verde' and 'Nicaragua' cultivars. The project involved the planting of 1013 hectares by householder and a refinery with capacity of 8 thousand tons of biodiesel per year, and after three years of harvest, it was determined to be economically unviable (Nogueira, 2004) . It was abandoned due to cooperation problems involving farmers, but especially due to the lack of productivity of the plantations, after consuming 3 million dollars. For household farmers without capital and infrastructure, the best thing to do may be to wait for research support, as future results should substantially reduce cultivation risks. The current reality does not abort the potential social benefits, high social inclusion capacity, and possibility of partial substitution of diesel with biodiesel that J. curcas cultivation represents. J. curcas is a promise that, if treated with responsibility, could possible become an economic reality.
ANTIQUITY
Due to its exceptional medicinal properties, it is reasonable to suppose that J. curcas has been a plant species known to humanity since antiquity. Medicinal plants have accom-panied man since ancient times. In fact, the use of medicinal plants by native cultures has shaped traditional medicine. Nevertheless, ethnobotanic studies can rarely prove the antiquity of the medicinal use of plants because of the historical limitations of oral traditions. In most cases, traditional medicine is passed on orally, generation after generation. Thus, for cultures that do not present written records and/or archaeobotanical evidence, it is practically impossible to prove antiquity uses of J. curcas.
Nevertheless, Leonti et al. (2003) , after comparing the pharmacopeias of 2 linguistically related people, in this case Lowland Mixe and Zoque-Popoluca, proved the use of medicinal plants from antiquity. These two native peoples still live today in the Olmeca region of Mexico. It is important to emphasize that the Olmecas were the first people to colonize Mesoamerica, from approximately 1500-3000 years BCE, and they influenced many subsequent cultures, including the Mayas and Aztecs. The Lowland Mixe and Zoque-Popoluca populations, living in the Mexican states of Oaxaca and Veracruz, respectively, remained isolated for approximately 2000 years. In spite of this long period of isolation, these cultures present common vernacular cognates for medicinal plant names. Leonti et al. (2003) detected cognate names for 15 plant species and common use for 62 plant species, among them J. curcas, which was used to treat skin diseases, demonstrating a transfer of knowledge and common selection criteria for medicinal plants between these two peoples.
It is important to bear in mind, as argued by Haude (1998) , that prior to the arrival of the Spanish, indigenous Mexican cultures enjoyed a rich technological history. Among other achievements, these various cultures made paper, books, and pigments; painted murals, ceramics, and manuscripts; erected elaborate sculptures and architecture; cultivated crops and botanical gardens; and engaged in medical practices. In addition, written languages culminated in a strong tradition of written and pictorial texts, or codices. Particularly adept at creating pictorial manuscripts were the Mixtecs of southern Mexico, the central Aztecs of Mexico, and the Maya of the Yucatán peninsula. Under the auspices of the priesthood, preconquest manuscripts and codices were produced by professional scribes from the Native elite.
Another evidence of the antiquity of J. curcas has been supplied by Haude (1998) . While analyzing the use of colorings in maps passed down from the Olmecas, the author discovered that the Aztecs, influenced by the Olmecas, mixed pigments with the oil of Coccus axin (Emmart, 1961) , an insect found in J. curcas trunks (Standley, 1967) . Purple coloring, presumably obtained from J. curcas seeds, and known as cuauhy-ohuachtli, has been used by the Aztecs (Wallert, 1997) . All these findings related to the transmission of knowledge between generations are strong evidences that the Olmecas, the population that preceded the Mayas and Aztecs who lived 3500 to 5000 years ago, knew and cultivated J. curcas.
BOTANY
The Euphorbiaceae family, composed of more than 8000 species, contains distinct representatives in commercial exploitation, such as the Hevea brasiliensis (rubber tree), Manihot esculenta (manioc), and Ricinus communis (castor oil). J. curcas, pertaining to the Joannesia tribe, is also one of these. The Jatropha genus is composed of 170 species and 2 subtypes: Jatropha (monophyletic) and Curcas (paraphyletic), both with 10 sections and 10 subsections to accommodate species from the new and old world. These subtypes were distinguished by characteristics relative to growth habit, bud, corolla, plant sexuality, number, and arrangement of stamens, the seed shape, and the presence or absence of caruncle. J. curcas, inserted in the Curcas section, is supposedly the most primitive form (McVaugh, 1945; Wilbur, 1954; Dehgan and Schutzman, 1994) . It is an allogamous diploid species with 22 small chromosomes (Dahmer et al., 2009) .
J. curcas is a shrub-tree that can reach a height of 5 m during cultivation, formed by juicy multi-branched stem. The plant is monoecious, with the inflorescences in chapters appearing at the extremities of the branches, a characteristic that shows the importance of winter pruning the cultivation. Besides promoting rejuvenation, pruning significantly increases the number of branches and, consequently, the number of inflorescences. The inflorescences appear in the beginning of the rainy season and produce unisexual male and female flowers and, occasionally, hermaphrodite flowers. There are 3 or 4 flows of blooming during this period (Foidl et al., 1996; Heller, 1996; Dias et al., 2007) .
The fruits, containing an average of 3 seeds, ripen non-uniformly in approximately 60 days, and they acquire a yellow and dark brown color at harvest time. The root system is formed by up to 4 lateral roots and a taproot, which can reach 5 m in depth (Foidl et al., 1996; Heller, 1996; Dias et al., 2007) . The plant demands nutrients in large quantities, especially nitrogen and potassium (Laviola and Dias, 2008 ) and is found from sea level up to 3000 m altitude, in variable rainfall from 250 to 2500 mm per year. Meanwhile, under commercial cultivation for high productive performance of grains, as Dias et al. (2007) argue, the plant requires average temperatures between 18° and 28°C, average annual rainfall above 600 mm, and an altitude between 200 to 800 m. J. curcas is deciduous, a mechanism that limits water loss and minimizes the effect drought, which is manifest by the abscission of the leaves. Being deciduous is an important evolutionary mechanism, because it increases the possibility of survival and production under times of severe drought, which are typical of arid and semi-arid regions. The deciduous period takes place during the winter and signals pruning time, when the metabolic activity of the plant declines significantly.
The list of products obtained from J. curcas is large (Table 1) and proves its multi-use plant species characteristic. However, it should be remembered that J. curcas seeds contain toxic compounds, and for this reason they cannot be consumed for nutritional purposes by humans and animals, either in the form of oil or press cake, which are both obtained from roasting and pressing the seeds. The seeds contain a toxin called curcin. In addition to curcin, toxic compounds, including phorbol esters (a family of compounds known to cause a large number of biological effects such as tumor promotion and inflammation), saponins, phytates, and trypsin inhibiters have been isolated from alcoholic extracts of J. curcas oil (Makkar et al., 1997) . However, J. curcas press cake, is rich in macronutrients, containing 3 to 4.5% N, 0.65 to 1.2% P 2 O 5 , 0.8 to 1.4% K 2 O, and 0.2 to 0.5% S, along with micronutrients in quantities of 800-1000, 300-500, 30-50, and 18-25 mg/kg Fe, Mn, Zn, and Cu, respectively (Ghosh et al., 2007) . In trials with J. curcas fertilized with J. curcas press cake, an increase from 93 to 120% in grain yield occurred, in densities of 833 and 1667 plants, respectively, when the press cake was applied in the quantity of 3 t/ha (Ghosh et al., 2007) . When it is detoxified, it can be applied as a supplement to animal food, because it consists of 56% protein (CETEC, 1983) . J. curcas oil presents exceptional fuel characteristics and has been recommended for biodiesel production in an even 50% mixture with petro diesel, without need to change diesel engines (Pramanik, 2003) .
ORIGIN AND DOMESTICATION
The center of origin, the center of domestication, and the existence of possible secondary centers of diversity are still open questions for J. curcas. Here we want to contribute answers through evidence. The center of origin or primary center of diversity, to begin with, cannot be situated in any other part of the globe than the coastal region of the Gulf of Mexico. There are no records from antiquity of J. curcas use and knowledge and its products previous to the Olmecas, in Mexico. In the area of antiquity, it has become clear that the mentioned civilization flourished between 1500 and 3000 years BCE. This is the most ancient J. curcas record known. As such, until a record prior to that of the Olmecas is found, J. curcas is originally from Mexico. McVaugh (1945) , Wilbur (1954) and Dehgan and Schutzman (1994) defend the Mexican origin, because J. curcas, the most primitive plant species of its type, and related taxa occur there. Basha et al. (2009) , analyzing the biochemical and molecular DNA markers of the RAPD, SCAR and ISSR types in 72 accessions of derived J. curcas from 13 countries, demonstrated that the Mexican accessions are unique in terms of phorbol ester content (absent or trace presence) and of molecular profile. This rich diversity of the Mexican J. curcas germplasm needs to be incorporated in genetic improvement programs of the species.
The South American origin (Heller, 1996) , or perhaps even Brazilian, in this case from the state of Ceará (Martin and Mayeux, 1984) , is not very probable, in view of the plant being found in these regions only in association with man; back yards of urban zones and/ or near houses in rural zones as an isolated plant species or living fence. In these regions, there is no record of J. curcas reproducing in a wild state in forests or savannas. Basha et al. (2009) also proved that the great biochemical and genetic similarity of the non-Mexican accessions is certainly due to the few introductions in other countries of J. curcas originating from Mexico, possibly perpetuated by vegetative propagation, which is the habit of living fence construction. Heller (1996) argues that accessions from Cape Verde were transported to different regions of Asia and Africa by Portuguese navigators. According to Basha and Sujatha (2007) , strong similarities between Indian accessions and those from Cape Verde in molecular profiles have been found.
Further, the center of domestication of J. curcas cannot be different from Mexico, because non-toxic types exist only in that country, probably selected by the Mayans. Harper (1932) described the plants used by the Mayans, and J. curcas is found among them. As already described in the Antiquity item, the exceptional medicinal properties of J. curcas made it known to the Olmecas at least 5000 years ago. Certainly, toxicity reduction was a main characteristic sought by the domestication promoted by the Mayans, in order to make its grains and oil edible. Non-toxic J. curcas ecotypes do not contain phorbol ester, the main compound responsible for the toxicity of the species, or contain slight traces, with toxins from 0.87 to 3.32 mg/g (Makkar et al., 1997) . Similar observations were reported by Basha et al. (2009) , after analyzing 28 Mexican J. curcas ecotypes and comparing them to 44 other derived ecotypes from 12 countries. The character fixation of non-toxicity certainly happened through asexual propagation, which is very easy in J. curcas. Allard (1999) , reviewing the history of agriculture developed 13 thousand years ago, evidences the antiquity of the knowledge of asexual propagation. In fact, archaeological records show that vegetative reproduction appeared 13 thousand years ago, being first recorded in Southeast Asian villages (Gorman, 1967) . Surveys carried out in Brazil in the 1980s (CETEC, 1983) in the North of Minas Gerais State, especially including the semi-arid region, detected expressive J. curcas concentration. According to CETEC (1983) , this region is between latitude 14-20° and longitude 40-48° (Figure 1 ). In the decade of 2000-2010, Andrade et al. (2008) collected accessions in same region and in the entire state of Minas Gerais and, even though they have not found any more such J. curcas concentrations, expressive variability has been demonstrated (16 to 45%) for seed oil content in the north region accessions (Table 2) . When the collection of accessions was increased and compared to other accessions collected outside the north region of Minas Gerais State, even from outside the country, the variability for the same trait remained expressive (Table 2) . Freitas et al. (2011) , analyzing this entire same J. curcas collection, found average oil content of 31% in the seeds and expressive variability for several morphological traits. Although the t-test for comparison of means (Table 2) did not show significance, the range for oil content in the accessions of northern region of Minas is very expressive and can allow the selection of superior plants for this trait. J. curcas oil was used in lamps for lighting the houses. Therefore, it is reasonable to assume that the populations of that arid and poor region practiced some selection in search of plants with higher oil production.
It is reasonable to suppose that the North Minas Gerais State region may be an important center of diversity of J. curcas, or maybe even a secondary center. It is necessary to remember that the deciduousness of J. curcas is an adaptive characteristic of the species to resist dry regions, such as the semi-arid region of North Minas Gerais, contributing to increases in its variability in these environments. According to Dehgan and Schutzman (1994) , gradual changes in response to dry and/or cold conditions are detected in subtype curcas species. Such evolutionary changes in mosaic are reflected by the great diversity of adaptive types associated with geographical distribution. Still, according to Dehgan and Schutzman (1994) , the speciation of Jatropha in the neotropics has been quicker in seasonally dry regions, like the scrubland (grassland-savanna) and caatinga. Furthermore, commercial J. curcas plantations in the semi-arid region of North Minas Gerais is subject to intense incidences of pest attacks (trunk borer and stinkbugs) and diseases (rust, root decay and powdery mildew), corroborating the supposition that the semi-arid area is a possible secondary center of diversity of the species, intimately associated with its natural enemies.
The knowledge of the centers of diversity of J. curcas, in the case of Mexico and semiarid Brazilian regions, is crucial for plant breeding programs for the species. Knowing these centers, breeders can rescue in loco accessions of important genes for improvement, such as pest resistance, disease conditioning, and drought resistance, among others. The knowledge of the centers of domestication of J. curcas, in the case of the Mexican peninsula of the Yucatan, Figure 1 . Map of Minas Gerais State, Brazil. CETEC (1983) found high concentrations of Jatropha curcas in the region between 14° and 20° latitude and 40° and 48° longitude (dark green). Based on analyses of the variability for oil content of accessions collected in that region, when compared with those accessions collected outside, we propose to be the same region a secondary center of diversity of J. curcas. can also benefit improvement. Many of the desirable improvement characteristics may already have been selected and fixed in ecotypes. The absence of toxicity, in view of the absence or traces of phorbol ester, is a good example of the contribution of domestication to improvement. The challenge now is to focus future J. curcas accessions collections in the above-mentioned regions, increasing the chances of success of plant breeding programs for the species.
